, amphibians (Li and Lewis, 1979; Corwin, 1985) , and birds (Jorgenson and Matthiesen, 1988; Katayama and Corwin, 1989; Robertson et al., 1992) , on the other hand, produce hair cells at a low level throughout life. Newly produced hair ceils in fish and amphibians are primarily localized to a distinct peripheral growth zone at the edge of the sensory epithelium.
In birds, newly produced hair cells are found in all regions of the sensory epithelium.
More importantly, birds and fish retain the capacity to rapidly increase the rate of hair cell regeneration following the elimination of hair ceils due to ototoxic drugs (Cruz et al., 1987; Hashino et al., 1991; Lippe et al., 1991; Yah et al., 1991) or noise exposure (Corwin and Cotanche, 1988; Ryals and Rubel, 1988; Girod et al., 1989) . In these lower vertebrates, regenerated hair ceils develop morphologically normal hair bundles (Cotanche, 1987; Corwin and Cotanche, 1989;  (Lim, 1986; Schacht, 1986) . These drugs reversibly block hair cell transduction channels (Kroese and van den Bercken, 1980; Kroese et al., 1988; Jamarillo and Hudspeth, 1991) and, after longer exposure, irreversibly disrupt hair bundle morphology (Takumida et al., 1989a-c) and cytoplasmic organelles (DeGroot et al., 1990; Hashino et al., 1991) tionsin hairbundlemorphology areparticularly striking in the vestibularorgansof the bullfrog,where several hair celltypeshavepreviously beendescribed (LewisandLi, 1975; BairdandLewis, 1986) . These hair cell types have recently been shown to differ dramatically in their physiological response properties (Baird, 1992 (Baird, , 1993a .
In (Baird, 1992 (Baird, , 1993a 
Hair cell morphology
To examine the cellular and hair bundle morphology of hair ceils in more detail, wholemount maculae were embedded in glycol methacrylate (Polysciences, and serially sectioned at 8 tzm on a rotary microtome (LKB, Historange).
For 10-15 individual sections, the boundaries of the sensory epithelium and, in the utriculus, the striolar region, were traced and stored to hard disk via a video processor board (ITI, FG-100).
Hair cell types in normal material were identified, as in .previous studies (Baird, 1992 (Baird, , 1993a Fig. 1C ). These holes were especially prominent in the peripheral margin of the saccular macula (far right, Fig. 1C ) and in the striola region of the utricular macula, where they often resulted in a flattening of the apical surface of this region relative to surrounding extrastriolar regions (Fig. 2C ). Supporting cells, on the other hand, had normal cellular morphology.
In the sacculus, hair cells were uniformly damaged by gentamicin injection (Figs. 1B and C), although cellular damage was often greater in the peripheral margin than in more central regions (Fig. 1C) . Hair cells in the utricular macula, on the other hand, displayed a differential sensitivity to gentamicin (Fig. 2C) (Fig. 2C) . half of the normal hair cell density by 9 days. The utricular striola recovered more rapidly, displaying a rapid increase in hair cell density for the first 3 days post-injection and a slower increase from this point up to 9 days post-injection. Hair cell density in the utricular striola of animals sacrificed 9 days postinjection was not significantly different from that in normal animals (P > 0.10).
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The recovery of hair cell density demonstrated in Fig. 4 in normal material (Figs. 1D and 2E (Fig. 6B, top) . Hair cells appeared to repopulate the utricular striola in a ftxed order. At 2-5 days postinjection, the great majority of newly formed hair cells had kinocilia longer than their longest stereocilia (Fig. 6B, top) .
These hair cells, as in normal material, were largely restricted to the outer striolar rows (Fig. 2E ). Hair cells with shorter bulbed and unbulbed kinocilia (Fig. 6B , middle and bottom) appeared only at later postinjection times.
Discussion
The results of the present study clearly demonstrate that vestibular hair ceils in the bullfrog, like those in birds (Cruz et al., 1987; Hashino et al., 1991; Lippe et al., 1991) and fish (Yan et al., 1991) Lewis, 1979; Corwin, 1985) , these findings represent, to our knowledge, the first direct evidence of hair cell regeneration in amphibians.
The degeneration and subsequent regeneration of hair cells seen in this study was more rapid than that seen in other studies. This may be due to the way in which gentamicin was administered to the inner ear.
With the exception of one early study (Lindeman, 1969b (Baird, 1993a,b) . 
